Introduction
An annual crop, cassava (Manihot esculenta, Crantz), is mainly cultivated in the tropical and subtropical regions especially for its starchy tuberous roots from which tapioca is mainly produced. To grow, it needs only sandy-loam soils, low rainfall and high temperature Kang, 2013, 2015) . The plant is built of, %: leaves 6, stem 44 and roots 50 (Balagopalan, 2001) . Apart from the root, cassava leaves and stem are a good source of dry matter (DM) -at the time of root harvesting the green parts of plant constitute 4.6 t DM per ha. In Thailand, a hay made from cassava foliage has been used successfully as a source of ruminally undegraded protein with a high content of digestible nutrients. Such a hay was willingly eaten by ruminants not only as a sole feed but also as an additive to diets based on crop residues such as urea treated straw and sugarcane tops .
It is widely known that forage conservation plays a pivotal role in productive and efficient ruminant livestock production. From the 1960s the amounts of produced silage are increasing and this ABSTRACT. The aim of the study was to evaluate the nutritive value and fermentation efficiency of cassava top silage using in vitro gas production technique. The four-month plants were harvested, chopped into 2-3 cm pieces and ensiled with 0, 0.5 and 1% urea (U), and 0, 0.5, 1 and 2% molasses (M) (on the basis of the crop dry matter (DM)). Silage pH increased with U supplementation but decreased by addition of 2% of M, so the lowest pH values were observed in: U0M0-2 and then in U0.5M2 and U1M2 groups. The U supplementation increased crude protein content in cassava top silage in a dose-dependent manner. There was observed U × M interaction for neutral and acid detergent fibre contents (NDF and ADF, respectively) -when added together the M decreased these parameters in a dose-dependent manner, and the lowest value of NDF was observed in U1M2 group, and of ADF -for U0M2, U0.5M2 and U1M2 groups. The cumulative gas production was increased when either U or M were added, and the highest value was observed in U0.5M2 and U1M2 groups. In addition, the true digestibility was increased when M was added and the NDF digestibility was the highest in M2 groups. Fermented pH was increased by U supplementation while protozoa populations were similar among treatments. So, supplementation with 0.5-1% of U and 2% of M may increase cassava top silage quality and the in vitro fermentation efficiency. However studies evaluating cassava top silage influence on animal growth performance are recommended.
method of forage preservation in temperate regions of the world is predominant (Cheli et al., 2013) . Due to forage conservation a better supply of quality feed is guaranteed in case of low forage production. Only high quality silage fed to animals can sustain animal health and reduce the cost of production, so the efforts to minimize the quality losses during preservation are still made (Bartzanas et al., 2013) . Ensiling is a method based on natural lactic acid fermentation under anaerobic conditions (Ki et al., 2009) . To improve this process, silage additives such as chemicals, enzymes and bacterial agents can be used. Addition of carbon and nitrogen sources may positively affect the silage quality and, consequently, improve rumen degradation and animal production. Sufficient amount of fermentable carbohydrates in plant material is necessary for lactic acid production which reduces fermentation pH and guarantees the good quality silage (McDonald et al., 2011) . Low water soluble carbohydrate content may be the main cause of low quality silage. According to Humphreys (1991) and Yokota et al. (1992) , molasses (M) is often added to silage as a sugar additive increasing fermentation and feed quality. The faster the fermentation is completed, the more nutrients will be present in the silage. Adding urea (U) is a common and cheap method of increasing nitrogen supply; however, U decreases the fermentation quality of silage by increasing pH with the release of ammonia (Pancholy et al., 1994) . So, it is considered that the addition of different combinations of U and M may improve both the protein content and fermentation quality of the silage. It was found that supplementation of U and M could improve the quality of whole crop rice silage (addition of 1.5% of U and 3-4% of M; Wanapat et al., , 2014 , Leucaena leucocephala silage (addition of 1% of U and 2% of M; Giang et al., 2016; Phesatcha and Wanapat, 2016) and Napiergrass silage (addition of 0.6% of U and 5% of M; Yunus et al., 2000) in terms of nutritive value, nutrient digestibility and rumen fermentation efficiency; therefore, such supplementation may increase performance of beef cattle and lactating dairy cows.
In vitro fermentation technique is less expensive and less time-consuming than in vivo method, and it also allows to maintain experimental conditions more precisely (Getachew et al., 1998) . Therefore, the objective of this in vitro study was to determine the effect of U and M supplementation into cassava top silage (CTS) on silage quality, gas production, digestibility and fermentation efficiency.
Material and methods

Cassava top silage
Four-month cassava top was harvested and immediately chopped into 2-3 cm pieces and ensiled with U at doses of 0, 0.5 and 1% (U0, U0.5 and U1, respectively), and M at doses of 0, 0.5, 1 and 2% (M0, M0.5, M1 and M2, respectively) on the basis of crop dry matter (DM). Cassava top was mixed with M and U, and then packed into plastic bags. The silage bags were kept in ambient temperature (about 25-30 °C). All treatment combinations were performed in triplicates at 1 kg each. After 30 days of ensiling, pH and temperature of each silage were measured using a portable pH and temperature meter (HI-8424, HANNA Instruments, Woonsocket, RI, USA). Approximately 200 g of each silage were sampled for analysis of chemical composition. The one part of sample was used for DM analysis, the second -was dried at 60 °C for 48 h and ground to pass through a 1-mm sieve in the feed mill using Foss Tecator Cyclotec Sample Mill (fisher scientific part of Thermo Fisher Scientific, Waltham, MA, USA) for analysis of DM, organic matter (OM) and crude protein (CP) (AOAC International, 2012), and acid detergent fibre (ADF) and neutral detergent fibre (NDF) (Van Soest et al., 1991) .
In vitro gas production
In total, twenty four CTS were used in in vitro fermentation study using gas production technique. Samples of each CTS were collected, oven-dried at 60 °C for 72 h, ground to pass through a 1-mm sieve and prepared for in vitro study. The in vitro gas production technique was performed according to Menke et al. (1979) . Strict anaerobic techniques were used in all steps during the rumen fluid transferring and incubation periods. From two rumenfistulated dairy steers (200 ± 15 kg body weight) a sample of 1000 ml of rumen fluid was collected before morning feeding into a 2-liter plastic flask and transferred into 2 pre-warmed thermos flasks (1 litter) (Menke et al., 1979; Makkar et al., 1995) . The fluid was then transported to the laboratory. Samples of each silage (200 mg) were weighed into 60-ml glass bottles which were then sealed with rubber stoppers and aluminium caps. All bottles were pre-warmed in a water bath at 39 °C for 1 h before filling with 30 ml of the rumen inocula mixture. The reducing medium was prepared according to Menke and Steingass (1988) . Rumen fluid was mixed with the reducing medium at 1:2 ratio. The mixture was kept stirred under CO 2 pumping at 39 °C using a magnetic stirrer fitted with a hot plate. Medium solution (30 ml) was transferred into each bottle and incubated in the water bath at 39 °C.
Gas production kinetics were recorded at 1, 2, 4, 6, 8, 12, 24, 48, 72, 96 and 120 h by extraction using glass syringes. Total gas values were corrected for blank incubation. Cumulative gas production was calculated according to Ørskov and McDonald (1979) :
) where: y -gas produced at the time t, a -gas production from immediately soluble fraction, b -gas production from the insoluble fraction, c -gas production rate constant for the insoluble fraction (b), t -incubation time, (a + b) -the potential extent of gas production.
At 48 hour post inoculation, in vitro digestibility was measured based on the following equation according to Van Soest and Robertson (1985) : true digestibility (TD) = ((DM of feed taken for incubation − NDF residue) × 100) / DM of feed taken for incubation. The in vitro fermentation pH was measured at 12 h incubation time using a portable pH and temperature meter (HI-8424, HANNA Instruments, Woonsocket, RI, USA). The 1-ml sample of fluid was collected and kept in a plastic bottle with 9 ml of 10% formalin solution (1:9 v/v, rumen fluid: 10% formalin), and stored at 4 °C for the direct count of protozoa (Galyean, 2010 ) using a haemocytometer (Boeco, Hamburg, Germany).
The obtained data were subjected to the General Linear Model (GLM) procedures of Statistical Analysis System (SAS, 2013) according to a 3 × 4 factorial arrangement in a completely randomized design. The statistical units were: nutritive values of CTS, gas production, digestibility and protozoal population. The statistical model included urea level, molasses level and their interaction. For all parameters, differences among treatments were contrasted by the Tukey's multiple comparison test.
Results and discussion
It was shown that the U addition increased silage pH regardless used dose (P < 0.05; Table 1 ). On the other hand, silage pH was decreased when 2% of M was added (P < 0.05; Table 1 ) and this was in the disagreement with the study of , in which no effect of M addition on whole crop rice silage pH was stated. The silage temperature was not affected by U and M (Table 1) . According to Petterson (1988) a silage is considered to be of high quality when the pH is below 4.5. In the present study such values were observed in groups U0M0-2, U0.5M2 and U1M2. However, it was found that when the fermented silage pH is 4.3 or even below, the limitation of proteolytic bacteria activities is possible, and so it is the most preferred silage process for protein lose prevention (Man and Wiktorsson, 2002) . The pH values of each CTS in the present study were similar to the values reported by Man and Wiktorsson (2002) and Oni et al. (2014) . Moreover, lower pH of silage could resulted from higher lactic acid concentration in those silages. Cao et al. (2009) stated that lactic acid is the strongest acid in the silage, and its presence will decrease pH more effectively than other volatile fatty acids (VFAs). DM -dry matter; OM -organic matter; CP -crude protein; ADF -acid detergent fibre; NDF -neutral detergent fibre; P-value: * -P < 0.05, ** -P < 0.01, *** -P < 0.001; ns -non significant; a-j -means with different superscripts are significantly different according to Tuckey's test (presented only if P-value for main effects (U or M) or interaction was significant) Plant sugars are the substrates for the fermentation process, so that their concentration in the parent forage has a major influence on the extent and type of the fermentation in the silage. It appears that high water soluble carbohydrate concentration in the fresh forage gives a high probability of obtaining lactate type silage that is known as well preserved (Wilkinson, 1983) . The addition of soluble carbohydrate may improve the quality of silage and further additives are used to overcome a low content of sugars in tropical grasses. Therefore, M is frequently used in silage making as a source of soluble carbohydrate. The U supplementation into CTS increased CP content in a dose-dependent manner (P < 0.001), but this parameter was not influenced by the addition of M (Table 1 ). In the present study the CP content in CTS was reduced slightly after ensiling and the obtained values were similar to values reported by Man and Wiktorsson (2002) and Khang and Wiktorsson (2004) . Energy is usually the limiting factor for growth of anaerobic microbes and addition of U might increase the microbial mass that leads to increased CP content (Staples et al., 1981) . The provision of carbon skeleton and energy for microbial growth might have synchronized with ammonia released from urea hydrolysis, consequently increasing the CP content of forages ensiled . Moreover, when U was added to silage, the bacteria present in the rumen fluid were able to produce protein from this source of nitrogen. This nonprotein nitrogen product binds with the moisture in silage, and in the presence of adequate moisture the loss of protein content is minimal. In addition the U supplementation decreased NDF and ADF contents but only when 1% of U was added (P < 0.01 and P < 0.001, respectively). The M addition also decreased the NDF and ADF (P < 0.05 for both), but NDF was decreased only when 1% and 2% were added and ADF was decreased regardless used dose of M. However, there were observed also interactions of U × M for NDF and ADF (P < 0.05 for both). So, when there was a simultaneous addition of U and M, the M decreased these parameters in a dose-dependent manner: U0.5M0 > U0.5M0.5 > U0.5M1 > U0.5M2 and U1M0 > U1M0.5 > U1M1 > U1M2 (no such effect was observed in U0 groups). The lowest value of NDF was observed for U1M2 group, and of ADF -for U0M2, U0.5M2 and U1M2 groups. There was an interaction effect of M and U also on OM and CP content of CTS (Table 1) . also reported that supplementation of U and M improved the quality of whole crop rice silage by increasing CP and reducing NDF and ADF contents. This may indicate that combination of U and M may enhance the quality of the CTS.
Gas production from the insoluble fraction (b), gas potential extent of gas production (a + b) and cumulative gas production at 120 h were increased by U supplementation regardless used dose (P < 0.001 for all three parameters; Table 2 ). The M supplementation increased (b) value (P < 0.001) regardless used dose, and (a + b) and cumulative gas production at 120 h were increased only in M1 and M2 groups in comparison to M0 (P < 0.05 and P < 0.01, respectively). So, the highest values for all these 3 parameters were observed in U0.5M2 and U1M2. Gas production from the immediately soluble fraction (a) was increased by U supplementation (P < 0.01) but it was Table 2 . Effect of urea (U) and molasses (M) supplementation into cassava top silage on in vitro gas production
Treatments
Gas production kinetics, ml · 0. a -gas production from the immediately soluble fraction; b -gas production from the insoluble fraction; c -gas production rate constant for the insoluble fraction (b); a+b -gas potential extent of gas production; P-value: * -P < 0.05, ** -P < 0.01, *** -P < 0.001, ns -non significant; a-e -means with different superscripts are significantly different according to Tuckey's test (presented only if P-value for main effects (U or M) or interaction was significant) reduced when M was added (P < 0.05). However, when M was supplemented simultaneously with U (P < 0.05 for interaction), its addition decreased (a) value only in U0.5M2 vs U0.5M0, and when 1% of U was added the difference was observed only between U1M0.5 and U1M1 with higher value in U1M1 group. Furthermore, the gas production rate constant for the insoluble fraction b (c) was lower in U0.5 in comparison to U0 treatment (P < 0.05) and higher in M supplemented groups (P < 0.001). However when U and M were added simultaneously (P < 0.05 for interaction), the increasing effect of M was observed only when 0.5% of U was added. The increasing of gas production kinetics may result from the addition of U to the silage which could improve rumen fermentation and nutrient digestibility (Cherdthong et al., 2011; Sweeny et al., 2014) .
Only the M supplementation affected in vitro true and NDF digestibilities (P < 0.05 for both parameters; Table 3 ). The true digestibility was increased regardless M dose (M0.5 = M1 = M2), and the NDF digestibility was the highest in M2 group. The lack of U influence on in vitro true and NDF digestibilities is rather surprising as it is supposed that rumen fermentation and digestibility increases with the U supplementation due to the increased rumen microorganisms growth rate as there is more available N in the form of ammonia from the urea hydrolysis (Khattab et al., 2013; Kang et al., 2015) . Moreover, found that supplementation of U and M could increase rumen degradability of whole crop rice silage. In the present study fermented pH was increased by U supplementation (P < 0.01) while protozoa populations were similar among treatments (Table 3) . Van Soest (1994) concluded that U supplementation increased ruminal pH post feeding as it is hydrolysed by microbial ureases into CO 2 and ammonia. Therefore, the presence of U in CTS can be treated as NH 3 source which can work as pH regulating rumen buffer.
Conclusions
The supplementation of 0.5% or 1% of urea with simultaneous addition of 2% of molasses may increase cassava top silage (CTS) quality, gas production and in vitro digestibility, and so could be recommended for silage preparation. However further studies evaluating CTS influence on animal performance and fattening are recommended. NDF -neutral detergent fibre; P-value: * -P < 0.05, ** -P < 0.01, *** -P < 0.001, ns -non significant; abc -means with different superscripts are significantly different according to Tuckey's test (presented only if P-value for main effects (U or M) or interaction was significant)
